The original version of this paper is published and freely available in the Journal of Instrumentation. This consolidated version combines  the original paper: 2011 JINST 6 P11007,  its erratum which describes a few minor typing errors and an update of the references: 2012 JINST 7 E04001, and  its addendum which contains four minor additions regarding some equations, data values of the reference air density, data for additional irradiation geometries, information regarding the implementation of the checksum on the calibration data, and finally a detailed addition regarding the uncertainty in the measurement of dose and dose rate: 2012 JINST 7 A05001. After publication of the three parts mentioned above a few further corrections and additions have been introduced in this consolidated version. They are marked with a vertical line besides the new text (as in this paragraph).
Introduction
For several years, the Beta Secondary Standard BSS 2 developed at PTB has been in worldwide use for the performance of irradiations with calibrated beta sources [1] according to ISO 6980 [2] , [3] , [4] and is available commercially from a German manufacturer [5] . Several extensions have become advisable due to new developments in eye tumor therapy, in eye lens dosimetry, and in soft-and hardware technology. The background and realization of each extension are described in detail in section 2. The total dose calculation is presented in section 3. Appendix A Version 1.4; 2015-02-12
Filename: bss2cons.pdf -2 -contains a complete list of symbols used in this paper; appendix B shows a screen shot of the new software version and a photograph of the BSS 2.
At this point, some technical details of the BSS 2 are explained, as reference will be made to them later on in this work. The software of the BSS 2 is organized as follows:
1. The main program is distributed as an executable file. Versions 4.0 and higher contain the extensions described in this paper.
2.
A driver necessary to control the parallel port accompanies the software. It has to be installed manually prior to installing the BSS 2 software. With the new hard-and software version described in this paper this driver will no longer be necessary. 3 . The ASCII file "BetaFakt.ini" contains all parameters which are equivalent to all devices of the BSS 2, for example, the half-lives of the radio nuclides. Versions 7.0 and higher include the extensions described in this paper. This file is the same for all BSS 2 devices. 4 . A second ASCII file "BetaSek2.ini" contains the source-specific parameters, like reference dose rates of the sources delivered with the individual BSS 2 (each radiation source is calibrated at the Physikalisch-Technische Bundesanstalt (PTB)). This file is individual for each BSS 2 device. To operate the new software version it is necessary to use the new "BetaFakt.ini" file; on the other hand, it is possible to use old software versions with new files: "BetaFakt.ini".
2 Extensions to the BSS 2 2.1 Possibility to use a 106 Ru/ 106 Rh beta source 2.1.1 Background 106 Ru/ 106 Rh beta sources are broadly used in eye tumor therapy. In addition, this radionuclide is implemented in the standard ISO 6890 [2] , [3] , [4] . Its mean beta energy is higher than that of 90 Sr/ 90 Y (about 1.2 MeV instead of 0.8 MeV); thus, it extends the energy range formerly covered by BSS 2 sources. Therefore, a 106 Ru/ 106 Rh source (an eye applicator usually used for tumor therapy comprising a layer of 106 Ru/ 106 Rh encapsulated in 1 mm pure silver [6] ) was mounted into a BSS 2 source holder, and corresponding calibration measurements were performed to obtain the data and parameters described in this and the following subsections. The beam flattening filter used for the 106 Ru/ 106 Rh source was chosen to be equivalent to the one used for 90 Sr/ 90 Y sources. The reason is that simulation transport calculations showed that quite a flat beam profile results [7] .
The basic physical quantity in beta dosimetry is the absorbed dose in tissue at a depth of 0.07 mm in a tissue phantom, D t (0.07). According to the nomenclature used in ISO 6980-2 [3] , this is the reference absorbed dose, D R . According to ISO 6980-3 [4] , the personal dose equivalent at a depth of 0.07 mm, H p (0.07), results from the reference absorbed dose by H p (0.07) = h p,D (0.07; source; ) · D R , (2.1) with the conversion coefficient h p,D (0.07; source; ). The term source represents the source type including the radionuclide, the beam flattening filter, and the distance of the radiation source from the point of irradiation. The values of h p,D (0.07; source; ) are available in ISO 6980-3 for 147 Pm, 85 Kr, and 90 Sr/ 90 Y radionuclides, for different distances, and for angles of incidence between 0° and 75° in steps of 5°. In order to obtain these data for 106 Ru/ 106 Rh, measurements were performed using the primary extrapolation chamber at PTB and the new 106 Ru/ 106 Rh BSS 2 radiation source. Absorbers of different thicknesses were placed in front of the extrapolation Version 1.4; 2015-02-12
Filename: bss2cons.pdf -3 -chamber and the ionization current was measured at a fixed chamber depth of 1 000 µm. An interpolation to the tissue-equivalent depth of 0.07 mm led to the corresponding ionization current I(0.07). Those measurements were performed at different angles of incidence  between the beam axis and the extrapolation chamber. All ionization currents were corrected so as to be valid for reference air conditions (T = 20°C, p = 1013.25 hPa, r = 0.65) according to ISO 6980-2 [3] . From these corrected ionization currents I(0.07; source; ) the angular dependence was deduced according to h p,D (0.07; source; ) = H p (0.07; source; ) / H p (0.07; source; 0°) = H p (0.07; source; ) / D R = I(0.07; source; ) / I(0.07; source; 0°).
2) implies that all corrections to obtain the dose from the ionization current are independent of the angle of radiation incidence (besides the correction to reference conditions). This method was already applied earlier [8] for the determination of the values for h p,D (0.07; source; ) contained in ISO 6980-3. The results for the source type 106 Ru/ 106 Rh are given in Table 1 . 
Implementation
The source-specific parameters (like reference dose rate and reference date) are contained in the source-specific ASCII file "BetaSek2.ini". The half-life used to correct for the radioactive decay since the reference date (t 1/2 = (373.59 ± 0.015) d) is contained in the general ASCII file "BetaFakt.ini" as well as the data given in table 1 and the parameters necessary for further corrections, see below. This implementation was performed in the software; a prototype of a 106 Ru/ 106 Rh source was manufactured at PTB. The possibility to produce these types of sources routinely is currently under investigation by the manufacturer of the BSS 2.
Inclusion of the contribution due to photon radiation

Background
In beta dosimetry, the main contribution to the dose comes, of course, from beta radiation. Therefore, in ISO 6980-2 [3] the determination of the reference beta-particle absorbed dose, D R,ß = D t (0.07) beta , is described. Its dose rate is used in the BSS 2 software as a basic reference value which is stored in the source-specific ASCII file "BetaSek2.ini". In the past, this value was given by the BSS 2 as the value for the personal dose equivalent at a depth of 0.07 mm, H p (0.07), not including the contribution due to photon radiation. Therefore, the correct assignment would have been H p (0.07) beta .
The photon contribution can be estimated from extrapolation chamber measurements by placing absorbers of polymethyl metacrylate (PMMA) in front of the extrapolation chamber, thick enough to stop the beta radiation. The remaining ionization current, I phot , can be taken as a Version 1.4; 2015-02-12
Filename: bss2cons.pdf -4 -measure of the photon contribution [3] to the ionization current at a tissue equivalent thickness of 0.07 mm, I(0.07). The value at the exact depth of 0.07 mm can be obtained via interpolation of ionization currents measured using absorbers with tissue equivalent thicknesses smaller and larger than 0.07 mm. All ionization currents were corrected to reference conditions. This ratio is interpreted as the dose due to photons relative to the total dose [3] :
Consequently, the total dose results from the summation of the two components:
(2.4) This is equivalent to the total reference absorbed dose, D R [3] . The two components are given by the contribution due to beta radiation, H p (0.07) beta = D R,ß (2.5) and the contribution due to photons, which is assumed to be independent of the depth in tissue, d, as the photons are nearly unattenuated by tissue depths relevant in a beta dosemeter (between 0 and about 10 mm):
Values for  br are given for different source types in Table 2 .
With these two dose components indicated separately by the new BSS 2 software, the contribution of a dosemeter's indication due to the photon contamination can be taken into account. This is of special importance if the dosemeter only has a small sensitivity to beta radiation. 
Implementation
The contribution due to photon radiation relative to the total dose at reference depth,  br , is contained in the general ASCII file "BetaFakt.ini". As these values are nearly equal for all radiation sources of the same type sold so far [9] , they are used by the software for all individual radiation sources of the same type.
In the past, in the software and in the irradiation protocols, only the dose due to beta radiation, e.g. H p (0.07) beta , was given. The new software version reports the total dose, e.g. H p (0.07) = H p (0.07) beta + H p (0.07) phot . In addition, the dose due to photons, e.g. H p (0.07) phot , is given in the protocol file but not in the software window as its contribution is quite small (always less than one percent), see Table 2 .
Implementation of the quantity personal dose equivalent at a depth of 3 mm, H p (3)
Background
In beta dosimetry, the personal dose equivalent at a depth of 0.07 mm, H p (0.07), is commonly in use as reference quantity. The reason is that in beta radiation fields, the dose in the skin is usually much larger than the effective dose (the radiation-sensitive epidermis lies about 0.07 mm below the surface). On the other hand, in recent years it has become obvious that the lens of the human eye is more radiation sensitive than assumed in the past. Therefore, the International Commission of Radiation Protection (ICRP) has lowered the annual dose limit for the eye lens from 150 mSv down to 20 mSv [10] . Thus, protecting the eye and monitoring the lens dose to prevent exceeding the dose limit is more necessary than formerly assumed. Therefore, the appropriate dose quantity, especially in beta dosimetry, is the personal dose equivalent at a depth of 3 mm, H p (3), as the radiation-sensitive part of the lens lies about 3 mm within the eye [11] , [12] . In order to make possible irradiations and calibrations of dosemeters in terms of H p (3), this quantity was implemented in the BSS 2.
Among the three radionuclides used in the BSS 2 so far ( 147 Pm, 85 Kr, and 90 Sr/ 90 Y), only radiation from 90 Sr/ 90 Y contributes significantly to H p (3)the beta particles emitted from the two other radionuclides are too low in energy to penetrate 3 mm of tissue. Fortunately, it has turned out that the ratio H p (3)/D R is nearly equal for all 90 Sr/ 90 Y radiation sources sold so far with the BSS 2 [9] . The ratio only depends on the distance from the radiation source and on whether or not a beam flattening filter is in place. As the reference beta-particle absorbed dose, D R,ß , has been used in the past as a basis for the BSS 2 software, this shall remain unchanged. Therefore, equation has not yet been implemented in ISO 6980, no values have as yet been available for h p,D (3; source; ) in that standard. Therefore, these values were determined in this work. The values for  = 0° and  ≠ 0° are treated separately in the BSS 2 software, therefore, this is also done in this work, and h p,D (3; source; ) results in: h p,D (3; source; ) = T(3; source; 0°) · R(3; source; ) (2.9) with the depth dependence factor T(3; source; 0°) and the angular dependence factor R(3; source; ). In order to obtain the two components, measurements were performed again using the primary extrapolation chamber of PTB and BSS 2 radiation sources. Absorbers of different thickness were placed in front of the extrapolation chamber and the ionization current was measured at a fixed chamber depth of 1 000 µm. In addition, the measurements were performed at different angles of incidence  between the beam axis and the extrapolation chamber. Subsequently, interpolations to tissue equivalent depths of 0.07 mm and 3 mm were performed in order to obtain the corresponding ionization currents, I(0.07; source; ) and I(3; source; ), respectively. Besides the corrections to reference air conditions according to ISO 6980-2, the ionization currents were corrected to account for the depth dependence of the stopping power ratio of the beta radiation [13] . As in equation (2.2), the ratio of the corrected ionization currents can be assumed to represent the corresponding dose ratios: (2.11)
The values for T(3; source; 0°) were determined for all BSS 2 radiation fields; the results are given in Table 3 . The values given for 147 Pm and 85 Kr are equivalent to the corresponding photon contributions  br which are assumed to be independent of the depth in tissue d and are, consequently, also valid for d = 3 mm, see section 2.2.1. As quite a lot of measurements are necessary to determine the values of R(3; source; ), they were only determined for the two radiation fields 90 Sr/ 90 Y and 106 Ru/ 106 Rh, each with a beam flattening filter and at a distance of 30 cm; the results are given in Table 4 . Note The values for 147 Pm and 85 Kr represent photon radiation as their beta particles have too small energies to contribute to H p (3), see text for details. The uncertainty of these ratios is quite large, especially for large angles of incidence. The reason is that the ratios R(3; source; ) (determined using the ionization currents at an extrapolation chamber depth of 1 000 µm) differ from the ratios determined using extrapolation chamber depths between 250 µm and 2 500 µm and a subsequent extrapolation to zero chamber depth (as is usually done in beta dosimetry). The two methods to determine the ratios R(3; source; ) deliver different results. A reason could be the following: The correction factor to account for the perturbation of the beta radiation by the side walls of the extrapolation chamber, k pe , is taken from ISO 6980-2 [3] . This value is appropriate for  = 0° and thin absorbers in front of the extrapolation chamber (below 0.1 mm in thickness). However, the correction factor (k pe ) probably takes different values for non-perpendicular radiation incidence ( ≠ 0°) and thicker absorbers resulting in the discrepancies described above. Therefore, further investigations will be necessary in the future. The contribution due to photons, H p (d) phot , is assumed to be independent of the quantity as most of the photons have sufficient energy to penetrate both 0.07 mm and 3 mm of tissue; therefore, this contribution is again given by equation (2.6) . The contribution due to betas is given by Version 1.4; 2015-02-12
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(2.12) This equation is in an analogous way valid for the quantity H p (0.07).
Implementation
The software was modified so that the quantity H p (3) can be chosen instead of the formerly used quantity absorbed dose in tissue at the phantom surface, D t (0), which is no longer in use in beta dosimetry. In case D t (0) is of interest anyway, it can be obtained from the value of H p (0.07) by multiplication with the depth dependence factor at a tissue depth of d = 0 mm, T(0). It can be obtained from equation (2.14), see next subsection.
Both the ratio of the dose rate at 3 mm and at 0.07 mm tissue depth (reference depth) for zero degrees angle of radiation incidence, T(3; source; 0°), and the angular dependence factor, R(3; source; ), are contained in the general ASCII file "BetaFakt.ini" for the different source types. They are used by the software for radiation sources calibrated before 2011. For radiation sources calibrated in 2011 and later, the source-specific ratios T(3; source; 0°) are contained in the source specific ASCII file "BetaSek2.ini". No source-specific ratios R(3; source; ) will be determined in the future, therefore, they are always used from the general ASCII file "BetaFakt.ini".
Improvement of the correction for ambient conditions
Background
The absorption and scattering of beta radiation in air are significant; even a different air density affects the betas significantly. Therefore, the BSS 2 is accompanied by a thermometer, a hygrometer, and a barometer. From their values, the ambient air density is calculated during irradiations. The correction factor for the dose was calculated in the past according to a procedure described in ISO 6980-2 [3] : The deviation of the ambient air density, , from reference air density,  a0 (for which the reference dose rate given in the source-specific file "BetaSek2.ini" is valid) is interpreted as a small amount of ICRU tissue being added (for  a >  a0 ) or subtracted (for  a <  a0 ) in front of the object to be irradiated. The thickness of the layer is given by
(2.13) with the distance y 0 between the source and the object to be irradiated usually being 20 or 30 cm, the scaling factor from air to tissue, η a,t = 0.915, the density of ICRU tissue, ρ t = 1.0 g/cm³, and the reference air density  a,0 . The value of  a,0 is given in the "BetaFak.ini" file. The method to calculate the air density is different in the new software version, namely according to equation (2.16), see below, and, thus, also different to the method used in ISO 6980-2 [3] . For the reference condition of p = 1013 hPa, T = 20°C, and r = 0.65, the reference air density results in  a,0 (65 %) = 1.1970 kg/m³. In the past, the reference dose rate was given for a reference air humidity of r = 0.45 resulting in  a,0 (45 %) = 1.1991 kg/m³. These two values are given in the new version of the "BetaFakt.ini" file. 
. The values for d min , d shift , d max , and T i , i = 0..8, are given in Table 5 ; the values for  br are given in Table 2 . They were obtained from measurements of depth dose curves as described in section 2.3.1, the Chebychev fits were performed as described by Brunzendorf [9] . The correction for ambient conditions is then given for the quantity
The equation used in the past in the BSS 2 to calculate the actual air density is only valid in the temperature range between 15 °C and 25 °C [3] . Therefore, the following equation is used in the new BSS 2 software to calculate the air density  a from the air temperature, T in °C, the air pressure, p in Pa, and the relative air humidity, r, according to Brunzendorf 
) results in air densities as precise as 0.03 % and 0.2 % up to 30 °C and 50 °C, respectively [13] , and can, therefore, serve to extend the temperature range of validity of ISO 6980-2.
Implementation
The parameters given in Tables 2 and 5 are contained in the general ASCII file "BetaFakt.ini" and are used by the software to calculate abs c for the required depth d in tissue of d = 0.07 mm and 3 mm for H p (0.07) and H p (3), respectively. 
Background
The software and the *.ini-files are essential parts of the BSS 2. Therefore, the simplest measure to protect them from (un)intentional changes will be applied in the future: The main program and the driver are distributed as executable files. The *.ini-files are ASCII files which in the past were located in the Windows directory. In the future, the *.ini-files cannot be located in the Windows directory any longer, as newer versions of Windows (above XP) do not allow an ordinary program (as the BSS 2 software) to save files in the Windows directory. Therefore, the place of the *.ini-files will be in the same directory as the software itself. As this directory is more public, all data affecting the dose value (reference dose rate, reference date, correction factors, and others) are secured by a simple checksum which is recalculated during every start up of the program.
Implementation
A checksum is calculated on the basis of all relevant data contained in the two files "BetaFakt.ini" and "BetaSek2.ini". "Relevant data" are all data needed for the determination of the irradiation conditions, like correction factors and dose. The checksum is stored in the ini files (outside the area of the relevant data). During each program start the checksums are recalculated and compared to the sums stored in the files. If the sums are not the same, the program stops with an error message. The reference checksum of the "BetaFakt.ini" file (Version 7.0 and above) is stored in that file, however, old "BetaSek2.ini" files do not contain a checksum. Therefore, the special program "BetaSek2Chk.exe" will be distributed together with the BSS 2 software itself. Once that program is used to open a "BetaSek2.ini" file it automatically inserts the reference checksum into the user specific file "BetaSek2.ini". In addition the uncertainties of the reference dose rates are enlarged (see below). The original version of the "BetaSek2.ini" file will be stored in a backup file.
Connection of the PC and the BSS 2 via network interface (TCP/IP)
Background
In the past, the BSS 2 was connected with the controlling PC via the serial (RS232) and parallel (printer) port. Most current PCs are delivered without these ports; instead USB and Ethernet ports are available.
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Implementation
The serial and parallel ports of the BSS 2 control electronics were replaced by an Ethernet port enabling the complete data transfer between PC and BSS 2. The control electronics of old devices can be upgraded to the Ethernet port by the manufacturer . This could be of interest in case the PC of an old BSS 2 broke down and had to be replaced by a newer PC, not supplying the serial (RS232) and parallel port.
Distribution with a rod phantom
Background
In the past, the BSS 2 was distributed without any phantom. As mounting a rod of more than 50 cm length exactly perpendicular to the beam axis is mechanically not trivial, new BSS 2s are delivered with a rod phantom according to ISO.
Implementation
New BSS 2s are delivered with a rod phantom. It can be mounted onto a small ground plate which enables the subsequent adjustment of the irradiation distance and the angle of radiation incidence. In contrast to old BSS 2 devices this table must no longer be demounted, but other set-ups than the rod phantom can still be mounted on it. For old BSS 2s, the new rod phantom can be obtained from the manufacturer. It will be accompanied by a new ground plate which can be installed by the user. 
Determination of the total dose (rate)
2) with t m , the irradiation date, t 0 , the reference date given in the calibration certificate (given in the ASCII file "BetaSek2.ini"), and t 1/2 , the half-life of the radionuclide used (given in the ASCII file "BetaFakt.ini"). All other variables and their determination are described in section 2.
To obtain the dose rate only due to beta and photon radiation, H p (d) beta,irr and H p,phot,irr , respectively, the following additional equations, directly deduced from equation ( 
For the determination of the dose value, the BSS 2 software uses the dose rate as given in equation (3.1)) and multiplies it by the irradiation time. This is done continuously during an irradiation and the BSS 2 software calculates the accumulated dose repeatedly using all the correction factors as mean values (time weighted) over the irradiation time elapsed so far, and closes the shutter on the operators' demand or when a preset dose value is reached. If a dose rate was preselected, the total dose determined as described above is divided by the irradiation time to obtain the mean dose rate for a (short or long) irradiation [1] .
Conclusions
The extensions to the BSS 2 described in this paper render the BSS2 well suited to serve another long period of time as a reliable irradiation facility delivering doses and dose rates traceable to PTB.
In addition, extensions 1 to 4 may serve as a basis for a revision of the ISO standard ISO 6980 [2] [3] [4] in order to implement the quantity H p (3). Filename: bss2cons.pdf -14 -
B Screenshot of the software and photograph of the current BSS 2 model
C Uncertainty in measurement
In this section the method used in the BSS 2 software to determine the uncertainty is described: After every irradiation (dose or dose rate), first the uncertainty of the dose rate is determined and subsequently the uncertainty of the dose (in case a dose irradiation was performed). The method to calculate the dose rate due to betas and photons is given in equation (3.3) and (3.4), respectively. To take into account all relevant uncertainty contributions, these equations are extended to the following model functions:
The correction for the ambient conditions, see equations (2.15), ( 
Here c absDist has the same value as c abs (d) and takes its uncertainty due to the uncertainty in the distance into account, c absMeas is unity but takes the uncertainty contribution due to the measurement uncertainty of the current air temperature, air pressure, and relative humidity of c abs (d) into account, c absFit is also unity but takes the uncertainty contribution due to the uncertainty of the fit function of T(d) of c abs (d) into account, see equation (2.14) , and k Dist is unity but takes the uncertainty of the dose rate due to the quadratic distance law into account. Further explanations of the variables are given in In tables 7 to 12 examples of the uncertainty budgets for the resulting quantities are given for an irradiation performed in terms of H p (0.07) with 147 Pm at an angle of radiation incidence of  = 45°. Each time the complete uncertainty budget is given in order to show the impact of the uncertainty of each input variable on the final result. For example, it can be seen in table 12 that the uncertainties of the reference dose rate and the angular factor are dominant.
All final results are listed in table 13 presenting only the appropriate number of digits.
In tables 14 to 17 the standard uncertainties of the input variables are given, these values are contained in the new version of the "BetaFakt.ini" file accompanying the BSS 2 software. The values were deduced as follows:
1. The standard uncertainty of T(0.07;source;0°) is zero as the reference calibration is performed at a depth of 0.07 mm.
2. The standard uncertainty of T(3;source;0°),  br , and c absFit was deduced from the uncertainty of the fit of the depth dose curve measurement, see Brunzendorf [8] . 3. The standard uncertainty of c absDist was deduced via the following method: A maximum uncertainty of the distance from the source of 0.5 mm was assumed; with the assumption of a rectangular distribution, a standard uncertainty of 0.29 mm results. This additional layer of air was converted via equation (2.13) to a tissue equivalent thickness d and the resulting change in the depth dose curve due to beta radiation was calculated, 1 − T(d+d) / T(d), and taken as the standard uncertainty of c absDist . The value of 0.5 mm Version 1.4; 2015-02-12
Filename: bss2cons.pdf -15 -maximum uncertainty of the distance from the source was assumed for  = 0°, for  ≠ 0° larger maximum uncertainties were assumed, e.g. for  = 60°, a value of 1 mm. The angular dependence is significant only for 147 Pm, see table 14. 4 . The standard uncertainty of c absMeas was deduced in a similar way to the one of c absDist : The maximum uncertainties of the measured values for the ambient conditions, 1 hPa air pressure, 0.3 K temperature, and 5 % relative air humidity, as well as rectangular distributions were assumed. The resulting effect on T(d) was again interpreted as standard uncertainty. 5. The standard uncertainty of k Dist was simply calculated using the quadratic distance law with the same assumptions of the uncertainty of the distance from the source as stated above (see calculation of the uncertainty of c absDist ). 6. The standard uncertainty of R(d;source;) was deduced as described in section 2.1.1. Of course, for the slab phantom and  = 0° the uncertainty is zero (as the reference calibration is performed in a slab phantom) and this increases for larger values of . This also applies for the quantity H´(0.07) as the ICRU slab and sphere have quite similar absorption and backscatter effects for beta radiation as already stated in section 4.5.5, § 268, of ICRU report 57 [13] . However, the uncertainty of R(d;source;) for H p (0.07) on a rod phantom is also, for  = 0°, larger than zero for high energetic beta radiation (radionuclides 90 Sr/ 90 Y and 106 Ru/ 106 Rh) as the slab and rod phantom may have different absorption and backscatter effects for beta radiation. Finally, the uncertainty of R(d;source;) for H p (3) on a slab phantom is assumed to be larger than for H p (0.07) as the reference calibration is performed at a depth of 0.07 mm. 7. The standard uncertainty of the reference dose rate, ß R, D  , is given in the "BetaSek2.ini" file accompanying each calibrated radiation source. A revision of the uncertainty budget of the primary calibration measurements performed at PTB showed that uncertainties stated before 2011 were too small (standard uncertainty below 1 %). Therefore, the "BetaSek2Chk.exe" program accompanying the new BSS 2 software version (see correction 3 in this addendum) modifies the "BetaSek2.ini" files in such a way, that the uncertainty of the reference dose rate is changed to a standard uncertainty of about 2 %. Correction due to absorption and scattering in air (always unity but an uncertainty contribution due to uncertainty in measurement of ambient conditions is taken into account here, value taken from "BetaFakt.ini") c absFit Correction due to absorption and scattering in air (always unity but an uncertainty contribution due to the fit of the depth dose curve, see equation (2.14) , is taken into account here, value taken from "BetaFakt.ini") k Dist Correction due to uncertainty in the distance (always unity but an uncertainty contribution due to quadratic distance law is taken into account here, value taken from "BetaFakt.ini") with a trivial uncertainty of zero except for the quantity H p (0.07) rod and 90 Sr/ 90 Y and 106 Ru/ 106 Rh sources the uncertainty is 3.00 %.
